Objective: To estimate the contribution of energy and selected nutrients from foods eaten as snacks and as meals. Subjects and methods: Forty-four nonpregnant women in the reproductive age, of whom 20 were lactating, participated in this study. Women from rural households were randomly selected and energy and nutrient intakes were estimated using 2 days' observed weighed food record. Snacks eaten between meals were estimated by weighed food record as well as recall, thrice per day. Results: The largest proportions (mean7s.e.) of fat (3373.6%), vitamin C (3674.1%) and a large proportion of vitamin A (3074.4%) intakes were from snacks. Furthermore, snacks provided 20% of the energy intakes. Conclusion: Snacks are important for energy and nutrient intakes and adequacies in rural African women and have the potential to combat energy and nutrient deficiencies in low-income countries.
Introduction
Maize and cassava are eaten as staple foods in Sub-Saharan rural Africa and contribute the majority of energy and protein intakes due to the large amounts consumed but only little to vitamin and mineral intakes. The non-staple foods which are eaten in small amounts with the staples at the main meals as well as snacks, eaten in between meals, are important for the contribution of essential nutrients, in particular vitamins and minerals. In areas where maize constitutes the majority of the food consumed, it contributes more than 70% of the energy and 60% of the protein intakes (Ferguson et al., 1995; Brouwer et al., 1996; Huddle et al., 1998) . It has been shown that women in Southern Malawi have the above food consumption pattern and eat a monotonous diet with an average of less than seven foods per day, of which two, on average are snacks (Ferguson et al., 1995) . A high percentage of these women are at risk of inadequate energy, protein, calcium, iron and zinc intakes (Ferguson et al., 1995; Brouwer et al., 1996; Huddle et al., 1998) .
In low-income countries, consumption studies are normally based on 24 h recalls. Special attention is rarely given to energy and nutrient intakes in relation to consumption patterns such as the contribution of nutrients from meals and snacks. Brouwer et al. (1996) showed that lunch and dinner contribute the majority of the energy and protein intakes in rural households in Southern Malawi. Each meal contributed approximately 40% of the energy and protein intakes, whereas in-between snacks contributed 5-10% of the energy and protein intakes, depending on the season. However, other macronutrients and micronutrients were not taken into account. Focus on consumption patterns, such as the consumption of non-staple foods, especially as snacks, may provide an opportunity to improve the delivery of essential, limiting nutrients. To our knowledge, there are no published data in this area in low-income countries.
In the present study, the food consumption patterns among women in a rural area in northern Malawi were examined. The specific objective was to determine energy and nutrient contribution from foods eaten as snacks and at meals.
Subjects and methods
A food consumption study was carried out on 2 consecutive days using observed weighed food record for the main meals. Snacks eaten between meals were either recorded using observed food record or estimated by recall, thrice per day on the 2 days. The study was approved by the Ministry of Agriculture and Livestock Development, Malawi. Verbal consent to carry out the study was obtained from the traditional authority Timbiri, group village headmen, village headmen and all participants after the background and objectives of the study and study plan had been explained to them. This study was carried out during the late rainy season, between 1 March and 16 May 1999, corresponding to the harvest season.
Subjects
Forty-four nonpregnant women in the reproductive age (2779 years) participated in this study. Twenty women were lactating, eight for less than 6 months, six for 6-12 months and six for more than 12 months. The study area was Kamphalo agricultural block, an area of approximately 4 km 2 that was randomly selected among all agricultural blocks within Mpamba extension planning area, Nkhata Bay district, northern Malawi. One woman from each household between 15 and 45 years of age who had lived in the household for at least 2 months was selected randomly among all nonpregnant women in the household. In this study, a household is defined as a group of people preparing food and eating together from the same pot. One household within the study area did not wish to participate in the study and two women were excluded from the study, one due to hospitalization and the other because of alcoholism. Farming was the primary activity for 25 women, six women were students and the remaining had unskilled labour and small business as their primary activity. Thirty-three of the women had attended primary school, of whom six had received a primary school leaving certificate and five a Malawi School Certificate of Education (Ordinary level).
Study design
Four local research assistants (RAs) were recruited to conduct the fieldwork, under the supervision of the principal investigator. All RAs had a secondary school education and were fluent in the local languages and English. The RAs were trained for 3 weeks by the principal investigator before the initiation of the study. Two weeks were used on weighed food record, recall methods and communication approaches and the last week on practical training in the field.
The food intake of all 44 women was measured using observed weighed food record and food recall, on 2 consecutive days, through household visits. On the first day, the head of the household was interviewed using precoded and pre-tested questionnaires to obtain data on all household members as well as the socio-economic characteristics of the household. Thereafter, the participating woman was randomly selected and the study explained to her in detail. It was emphasized that in the presence of the field staff, she should continue with her daily life and activities. On the second day, the woman was interviewed about her health status and her weight and height were recorded.
Dietary assessment
The foods and beverages consumed were weighed using Soehnle 8025 digital scales (1 g accuracy between 0 and 1 kg and 2 g accuracy between 1 and 2 kg) and Salter 250-259 scales (50 g accuracy between 0 and 25 kg). The Soehnle digital scales were used for ingredients weighing less than 2 kg, whereas the Salter scales were used to weigh baskets of cassava and maize flour and pots with cooked foods.
Normally, the women in Kamphalo ate lunch and dinner every day. Depending on the availability of food, some women also ate breakfast. The RAs were present during all three meals and all ingredients in each dish were weighed before cooking. Firstly, the empty cooking pot was weighed and then all raw ingredients used. The storage container with each ingredient was weighed. After each ingredient was used, the container was weighed again and the weight of the ingredient used was recorded as the difference between the weights of the container before and after. This procedure was done in order to ensure minimum interference in the household routine during food preparation. After cooking, the pot with the cooked food was weighed and the cooking time recorded. Standard recipes were used for dishes prepared outside the household or for those with unknown recipes.
Women and men in rural Malawi normally eat their meals in two separate groups from shared bowls and plates. A large bowl is used for the staple food, nsima, a thick porridge of cassava or maize flour and water and few smaller plates are used for relishes, for example, sauces or stews made from vegetables, fish and meat. A ball of nsima is rolled in the palm of the hand and this is dipped in the relish before being consumed. In order to estimate the food intake of each woman from meals, the nsima was served in a shared bowl while individual portions of relishes, corresponding to the amounts the woman would normally eat were placed on separate plates by the woman, a custom not normally practised in rural areas. The woman ate all meals with a group of women who were also informed about the study. The woman was instructed that she should eat the amounts of relishes she normally eats. The weight of each plate with relish was recorded immediately before the eating session began and any leftover was measured at the end of the meal. The total amount of nsima eaten by each woman at each meal was estimated by counting the number of balls (units) eaten. The RA estimated the average weight of a unit of nsima at each meal from the weights of the first five units eaten.
One RA spent about 10 h in a household, between 7 and 20 h on the days of food intake recording and recall and was present at all meals. Foods and beverages eaten at home were recorded using observed food record while the size and amount of foods and beverages eaten in the absence of the RA, for example outside the household, were estimated and recorded through recall. The recall was conducted three times a day, in the morning, noon and evening, using the daily activities as a guideline. At the end of each recall, a checklist of snacks was used to ensure a more complete recall. The total number of days used to measure food intake from all women was equally distributed among all weekdays. For all foods eaten, the time of consumption was recorded or estimated. Based on the recorded time and the observations made by the RA, it was possible to divide the food consumption into meals and snacks.
The weights of food items were obtained using conversion factors based on household and market sizes and measurements used locally. Furthermore, food samples and models were developed and used to improve quantification. All together, 1001 recipes were recorded and for 11% of these recipes, the amounts of the different ingredients were estimated using standard recipes. An average of 17 (range 1-109) recipes were used to estimate the standard recipes.
Data analysis
The data were collected and checked by the principal investigator each day. Daily energy and nutrient intakes were calculated using published food composition tables (Damton et al., 1988; West et al., 1988; Nordeide, 1995) . Calcium intakes from some food items, such as vegetables and fish were calculated using local food composition data (Ferguson et al., 1989) . Vitamin A intakes from vegetables and fruits were calculated using newer values published by West and Poortvliet (1993) . Energy and nutrient intakes were calculated using FoodCalc version 1.3 (Lauritsen, 2006) . Adjustments were made for losses of micronutrients during cooking (Møller and Saxholt, 1996) . Energy and protein intakes were adjusted for digestibility by using the factors 0.95 and 0.85, respectively (FAO/WHO/UNU, 1985).
Daily energy and nutrient intakes as well as nutrient adequacy ratio (NAR) were calculated separately for nonlactating and lactating women, taking into consideration the added recommendation for lactation. NAR was calculated for each woman as daily energy or nutrient intake divided by the recommended energy/nutrient intake. Energy recommendation for each woman was estimated from body 
Nutritional status assessment
Heights and weights of all women were measured and their ages estimated. Height was measured using a CMS portable stadiometer (1 mm accuracy between 70 and 200 cm) and weight using an UNICEF (United Nations International Children's Emergency Fund) electronic scale 890 (100 g accuracy between 0 and 150 kg). The woman took off her heavy clothing and shoes before weighing and an estimated weight of 500 g for her remaining clothes was subtracted from the measured weight. The woman's age was estimated by memory with the aid of a historical calendar of local events.
Statistical analyses
Daily energy and nutrient intakes are expressed as median as well as 25 and 75 percentiles (P 25 , P 75 ) using the average intakes from the 2 days' weighed food record and recall. The nonparametric Mann-Whitney ranked test was used to test the differences in energy and nutrient intakes per woman per day and per 10 MJ/woman/day between non-lactating and lactating women. No significant differences were found and data from all 44 women as one group were used in the subsequent analyses for energy and nutrient intakes from meals and snacks. The energy and nutrient contributions from meals and snacks are expressed as means7s.e.m. The computer package SPSS for Windows (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses.
Results
The daily energy and nutrient intakes and NARs of the nonlactating and lactating women are shown in Table 1 . The median energy intake was below the recommended intake for both groups of women. The median fat intake was 55% of the recommendation for non-lactating women and 63% for lactating women. In addition, lactating women had a median protein intake below the recommended intake. The median vitamin A intake was 89% of the safe level of intake for lactating women, whereas the calcium intake was below the recommended intakes for both groups of women. The median iron intake was 76% of the recommended intake for non-lactating women. No significant differences were found for energy and nutrient intakes per 10 MJ between the two groups of women (data not shown).
The energy and nutrient contributions from meals and snacks are shown in Figures 1 and 2 . The largest proportions of the energy and protein intakes were from foods eaten at lunch and dinner, the two main meals. However, the largest proportion (33%) of fat was from foods eaten as snacks between meals. In addition, snacks contributed 30% of the vitamin A intake as well as the largest proportion (36%) of vitamin C.
The percentages of women consuming selected snacks at least once during the 2 days' period are shown in Table 2 . Green maize as well as orange and tangerine were the most common snacks and more than half of the women consumed these snacks at least once in the 2 days' period. Raw groundnut was consumed by more than 40% of the women. Snacks were eaten between meals and generally outside home. When staple foods such as maize or cassava were eaten as snacks, these foods were prepared differently than for the main meals and eaten raw, boiled or roasted. In addition, foods such as fruits and sugarcane were rarely eaten at the main meals and were mostly eaten as snacks. The women consumed a diet comprising less than 13 (range 6-20) different food items during the 2 days' period.
Discussion
We have showed that snacks eaten between meals contributed the largest proportion of fat and vitamin C as well as a large proportion of vitamin A in rural Malawian women. The women consumed a diet with less than 13 different food items during the 2 days' period.
The foods eaten at the two main meals, lunch and dinner contributed the largest proportions of the energy, protein and calcium intakes. However, snacks contributed a larger proportion of energy and nutrient intakes compared to breakfast. In addition, the largest proportion of fat was from foods eaten as snacks between meals. Furthermore, snacks contributed 30% of the vitamin A intake as well as the largest proportion of vitamin C. It should be noted that the total energy intake was inadequate, mainly due to an inadequate fat intake, providing 11 and 13% of the total energy intake among non-lactating and lactating women, respectively. Even though the absolute fat intake from snacks was small, snacks contributed the largest proportion of the total fat intake. The fat intake from snacks was associated with consumption of groundnut and avocado. The large proportion of vitamin A intake from snacks was associated with the consumption of foods rich in b-carotene such as pumpkin. One quarter of the women consumed pumpkin as snacks. For these women, pumpkin contributed approximately 70% of the average vitamin A intake (data not shown). Orange and tangerine were eaten as snacks by more than half of the women and contributed 16% of the total vitamin C intake. It is important to notice that the nutrient density of snacks is higher than that of the rest of the diet, which emphasizes the importance of snacking. Snacks contributed about 20% of the energy intake, but more than 20% of several micronutrients.
To our knowledge, no other studies have described the contribution of energy and nutrients by meals and snacks as reported here. A single study has shown that lunch and dinner each contributed approximately 40% of the total energy and protein intakes in rural households in Southern Malawi (Brouwer et al., 1996) , comparable with our findings. The study also showed that snacks contributed 5-10% of the total energy and protein intakes, depending on the season. In the present study, larger proportions of total energy and protein intakes were derived from snacks and in addition, snacks were important for the intakes of micronutrients, especially vitamin A and C. It is likely that the different estimates for the contribution from snacks are caused not only by seasonality but also the methodologies used. In the present study, weighed food record was used to estimate intake at meals, whereas snacks were estimated using both food record as well as three daily recalls. We suggest that our method of estimating food and nutrient intakes gave relatively accurate estimates. Brouwer et al. (1996) used a single 24 h recall method at household level, which is unlikely to capture the full contribution of snacks to energy and nutrient intakes.
In order to fully appreciate the results of the present study, a few limitations need to be addressed. Firstly, our study was conducted between March and May which is the peak season for orange, tangerine and most green leafy vegetables. This was reflected in a high proportion of women consuming these foods and higher intakes of vitamin A and vitamin C compared to previously reported intakes among women in Southern Malawi (Ferguson et al., 1995; Huddle et al., 1998; Nyambose et al., 2002) . The importance of seasonality needs to be acknowledged as foods such as orange, tangerine, groundnut, pumpkin and avocado are not available throughout the year. During other seasons, it is likely that other foods such as guava, mango, papaya and pineapple contribute the majority of the vitamin intakes. Secondly, only 44 women were included in our study. Even though this sample size is relatively small, our study includes enough women to describe dietary patterns, especially in a monotonous diet and our results are comparable to those from other studies among rural African women with similar sample sizes (Ferguson et al., 1995; Mazengo et al., 1997) . Thirdly, the use of NAR in the present study compares the individual intake to the recommended intake of a nutrient. NAR was chosen in order to evaluate the adequacy of the diet. However, it should be noted that data on energy and nutrient intake cannot be used to evaluate the adequacy of the usual diet for each individual because there were only 2 days of intake for each women. Therefore, the average NAR cannot be used to estimate the prevalence of inadequate intakes for this group of women.
In conclusion, we have found that snacking is an important aspect of the consumption pattern among rural Malawian women, and that snacks are important contributors to energy and nutrient intakes, especially fat, vitamin C and vitamin A. More focus on snacks offers a great potential to improve the adequacies of energy and nutrients, including micronutrients among rural African women.
